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Aksts ot inc edects u sub manacetent oras on cron production requires k nun iedee of hese ffeets ;,n
plant rooitc Much time required to wash plant. roots from soil and separate th.e. living plant roots from organic
debris •and previ.ous yeark roots. We. developed a root washer tha.t can accommodate relatively large soil samples
Cr w ashi.ng. The root washer has a rotary design and will accommodate up to 24 samples. (100 m m. diam by
240 mm long) at one time We. used a fiathed scanner to digitize an image of the roots f urn each sample and •mC

grid system with commerciallytovailabie imace analysis software. to analyze each sample for root urfdce area.
Sensitivus analysis and suhequent coniparisons of dirty samples eontatiung the roots and all the rgaritc debris
contamed n the sample and 1lean’ samples a her the orgame debris wa manuall temoved from each sample
‘.howed that up to I 5c of the protected image could be covered with debris n tihout alfectm ae euraes and precision
01 root surlace area measurements, Samples eonitimng a large amount of tiebris mm need 0 be partitioned into
more than one scanning tray to allow accurate measurements of the root surface area. Sample processing time
was reduc.ed from. 2.0 h. when hand separation of roots from. debris was used, to about 05 h, when analyzing the
mage from an uncleaned sample. The method minimizes the need Cr preprocessing steps such as dying the roots

to get better image contrast for image analysis. Some information, such as root length. root diameter classes and
root weights s not obtained when using this technique. Root length measurement’, it needed, could he made by
hand on the digttal images. Root weight measurement would require sample cleaning and the. ads antage of less

u nit ti 0 s ut 0 l tLJ ot t ik et n

norrn obtained twine thts techntque end the ability to process a greater number: of samples seth the ;tme end ersor:nel
rasourcc is table muo dctetreinrd by the tndrs dual rese rebcr and r arch obictisec
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Introduction

Inst sodas anaosrrien ei’i’ec is on] ‘“ root
rams oftent’s detciredhy is;. hubs in icr:;; s I to

- I se
the soil Pron the satnptc and fm separating the I
roots horn pre.vious years’ roots and other organic
debris, Pit excavations are common techn i-que used

by several researchers (Nelson and Ailmaras, 1960;
.A.iimaras and Nelson, i 97 1 Ehiers et a.L, 19
voirnees, ;ift to studs sot marianement eoi’

ut sssienis. Hes me![toO can he scro informatIve
In’ exatrintng whole moot ‘s stems and deriving lateral

otAXN:s ;:7t)..345o5
Fl—rrratt: Joseph.Be.njanrin(t(ars.usda. as’:

and vertical root distributions. The method is also very
destructive. wi thin the plc:; a ad does not lend itself to

‘ n-other o:ethod to study oust dlstrihutions entals
a ovi flsst a sot core trom the tied. was Inc the ad

ass:.:’ (‘rpm the. roots. and measuring either root length
or root area. Wash.ing the root samples ona wire scree.n
(.Prathapar st aL, 1.9899 or wi.th some version of a
semnhautomnatie elutriation system fChotts.: et aL, 1995:
SIt:.trtna s.t’ a.i,, l9). 1: Smucker ci aL, I. 98 i,

. is comas’ .t.

inrltvn:’lual sentries washed ti: these apparatuses eat:

take lion: .5 to lt) mm er sample tot aIm’sc’ and o;e
dmin texturerl soils tSmueter us ai.. 198 it to 25 mm
per sample tom line textured sols ;Sharma ci at,, im)S it.
Improvements on timerper-sample to wash a number

Q .2r48
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Banjo Corporation, Crawfdrdsv die, IN, .Mention of
specific manufacturers and t.rade names throughout
this paper are for informattonal purposes only and
do not imply endorsement by the USDA over similar
[WOdUe ts or rnanutaeturcrm
:c-.jp Incorporated. Buffalo. \Y
‘Aela-Gevaert\, V.. :1ortsei. Beletum
SPSS lne CThmaeo, L

Alimaras R R and. Nelson A W 1871 Corn (Zen moss C. ror,t
configuration. sinfluenced y Some row--interrow variwas of
tillue and slIest mulch manaseme’o S,’ti See Soc \t’i f’e..
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hsdropneumo-eiuunauion apparatus (or quanutative rant separa
non from large soil core samples. Comm. Soi.i Sd. ilw Anal.
26, 2703—2709.
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the filters containing the soil samples are dipped. As
the filters emerge from the water reservoir, they are
sprayed with water at 340 kPa from water nozzles
(Figure I. item B mounled in the lid of the washer.
The washer wuli hold up to 24 samples Fur washing aI
one tuIfle. A motor with a drtvc belt turns the ss usher at

1 .3 revoluitons per rn note The rota1t tnal sale c-an he
vsIlia rheostat Ct intriel i-’teure I - tern C on the

motor.
The cost of constl.’uc.tirn of tl.le. washer was about

$3500 US. The m.ost expensive item was the inner rm
taring sample holder, which was manufactured by a
l.ocal rnaeh.ine shop for 51 500, Each 1 inc strr.iner cost
$55 We- saved. money on construction costs by urine
a .sai aluminum Parrl’i 1itr ti7.c. 001cr cHum.. N4.is-
cc- a nci.eu 5 alunsi 0171000 Dan stock,

rtlCOst1ii. settecis. 0011 and utiess ma c- as toe rest.
IflO 00515. 15 construct i.0n i’xciIflt br 1Iic n ncr
s-a fl ic noisier was d nc dos bOors pcrso nil-

Plant roots wece sampled from a f.i.eld of Arvika sprine
field pea Pis’um sativum i....,) and front a- field of ehi.ck
pea ((‘Ic em orietinuot [at the Central (ireat Plains
Rescaieh Statton near Akron, ot’radts. the Ic-comes

— ‘
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A’i-iidic Faleustotls itt 2(5)1 051mm n-1tlb Still

agement .Samplings for roots were taken from three
plants in adjacent rows approximately 170 mm apart at
mid bloom growth stage for each species. A sampling
tube 75 mm in diameter and I 2 m long was used for
sampitn. The plant malertal above the soil surl’acc

was clippud level wttlt the ‘mi suriace and removed
before i-am plene. Ans loose plant restdue on the soul
surfae 11 Oir cIISO brushed or tram the sampling sttc

The sampling tube was entered over the plant and a
sample was taken to a 1,12--to. depth. The. mere was scm
tone.d into 0,225’m lengths. Each sam.ple was placed
in a plrstic. sealable hag and the bags place.d it. a
Styrofoam cooler for tra.ns port from the- fIeld., A.fte.r
oneh 0ad sampti-. Org me tI t sveie

cnJeaI1S. -,i. ID ii unique. ni.eusocr. ,0511 enocan 1-01.11

tOe .510-il nor. Is 501 1 5011111-10 wi5rcfiitIei’sj 1. mom

plastic bi.1 and place.d n the strainer, and a second.
endcap wa:s placed on the straine.r., Stra.In.e-rs were
m.oe. nted in t.he. hrack.ets of the washer, The water sup
ply svas connected to the- washer, the lid was closed on
the svashe.r. the. wate.r was turned on, r.nd the motor was
tumn.ed i_Sri - The washer -i-s--as allowed (s- operate until
me ‘‘tt-’’’ mom tile esosher iontaineu vers hnie S(’1I

Ssttnple es sh time’ i-a” ce-nerai’Iv I 5 11 tar the Weld

— ‘_,‘-,m r’ i t t ii ij,,, It — r t I r 1 ‘‘ t 1 —‘ — ‘-I



229

- -. — —o

C
C)

(V
a)

a)
C)

C
C’)
r
a)

(I)
(U
a)

a)
a)

U)
C)
(U

Cl)
‘V
:1)

L/)
(U
U)
a

0 100 200 300 0 100 200 300

0 100 200 300 0 100 200 300

300

200

100

Ii

300

200

100

0

C

300
(U
a)

a)
o 200

‘(U

In

100
C
L/)
a)
U)

U

Actual Surface Area (ens°) Actual Surface Area (cm2)
Ffaare 4. tlffe.cs of rutca.nrayw ocetarted area on aecaraca: one preosian 01 protected area aeasmeo:ents. of aooper wire. The cireies i.adieaie3 5 diaca. wipe. :tw oboes es inst ieate t .‘ i mm bOnn. woe.. and .he squares indicate’ 2.0 me: dla:n, wire f.irid. sire ISo measneemes:ts was

mate.rtals in. roe satniple naking th.e deierminaririu nt Discussion
a osit1ve intersect son wtth ertil utihealt. Ineludirte
samples with w 15 te.hris: coverage. in the re.gressio ri The. roar so asher worked well to easily astrl quicklyof clean vs. dirty root area me:osure.ment decre.ascd the .ep orate plant roots and other organic materials fromslope to (1.81 and decreased the r to 1(A). the ‘oil. lop to 24 samples could he washed in about

1 .5 h. allowing samples to he tjuieklz proeesseu atier
sampling and rninimizino deterioration of the root mm
terials, The ron,! washer would he less effective in

0 100 )00 300 0 100 200 300

F1;’see 2o t)tsiiat irnaee of Arsoka tielsi pea root and adwis. ii ot 23 cm depth before cleaning. 3i551 of total area coverert by sis’:hris,

dis.tinguish the pres.en.ec of a root in the ohservmion
held, while sam pIes sn itO a small onoont ol’ debris
han little: effect on the measurement. of the sample.
A systematic analysis: was conducted to determine the
amount ret the view lug area tti.a,t coO il d so

dehrls before interfering svith. measurement accuracy.
hnsswa amounts of de.hris eons:siirse oi 5.5 mm dsa
meter parer utsehes l’ron; black construction paper
were gi.ued to sums p’:e rams with a spray ‘lhess”l0s”h
pu ue:li harl a.n are.a of 23.75 mirTh A sofia ie.o.t number
of punches was olaeerl on the 230 ssr5 soarer clear
pts.isfre tray so ohtai u 5.:: 11)31: 2.1) 75:33 and
30(1:. oeeltts.iou of the viesving. area. Individual punches
were allowed to iou eh.. Asrmi ug stri ups wf ace lusiein
on she isn.age. hut the punches were not adlowed to
werlap each ‘the r. The same copper asre was used as

in the alihration proe.e.dure explained above. Sampie.s
aOusisiitif of 0.25. 1 0. 7,1). aurl 4,1)tn lenetlis of cop
5C also 5 CIt 1ete 09 0 riO step as m se in sod

The. scanning, proeedure and area analyst was conduew
tcu tu the ‘srue lashton as i’or dete.rmtntn:g’ optimuni
grid size using a ,rld density of 2. i tom i’I f3 a. l.hi
iuterseettsusi.

Results

I: sian a nd ace o r.aes: ol he e :pne:r: as l re sort ace arc a
tue:asuremeuts ine’reese:d with. increasing grid density

2, Pree iou 05 sue (50 t’:m uue was
is’5 rIse: r2 sit the re.ire’ssi.oo berwe.eis the. me.asured end.
nerttsil curfia as area of the wires sarnsples. ‘fOe. orn.ates;r

sssprovei :i.n:s,5 ut preesso.sni 155 i rail a ate.e hy sat;’ ti :rease:sl.
r’tTssm 0.89 to 0.98. occurred svheu deere.asng grid
size snot he i 4...i nuns. 0’sd’ spite/ne vuOs 275 pos
s.ihle intersee.uusns so the: 8.6 turn g,rid spae’iug, s.virh 625
possubie tuterveetussus Aul raiser grid sizes: isad appro
am 0ev he vs so so tIe °6 stins end a tth tile
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